The evolution of trade between the four regions in the West Pacific in both gross and value added terms is analyzed using international input-output tables. It is found that value added exports of computers and electronic equipment of the Asian economies are very limited in comparison with their gross exports, and that the largest shares of value added exports were accounted for by the services sectors in every region, particularly so in Japan and the US. Surpluses and deficits in bilateral trade balance in value added terms are generally lower than those in gross terms, and that Japan's manufacturing sector played a central role in the production chains in the West Pacific, and the US contributed to the region by providing services in value added terms. The inter-temporal factor decomposition of trade shows that deepening input-output linkages between the four regions played an important role in promoting trade in value added in the West Pacific. This process was partly interrupted by the economic turmoil during the 1995-2000 period, but intensified toward 2005. The service sectors seem to have played an increasingly important role in enhancing trade in value added in the West Pacific. [5] official statistics on gross trade such as customsclearance statistics include both final products and intermediates. The picture given by gross trade can be quite different from that by trade in value added; since in today's production networks in East Asia, it is possible that the same intermediate goods and services are recorded many times as they go through customs. Value added generated by both domestic and foreign final demand, on the other hand, is more closely related with wages and employment, corporate profits, tax revenues, and finally national income. Data on gross exports and imports, however, are no less useful than before because they are indispensable to understand the technological structure of the cross-border production processes.
Background
The recent trade literature has been increasingly focusing on trade in value added as against gross trade provided in official trade statistics. Foster-McGregor et al. [1] , OECD-WTO [2] with the fragmentation of production processes across borders and the intensification of interconnectedness within supply chains, notably in East Asia, the importance of trade in intermediates has increased significantly in both goods and services trade. Hayakawa [3] , Meng et al. [4] , Miroudot et al. [5] official statistics on gross trade such as customsclearance statistics include both final products and intermediates. The picture given by gross trade can be quite different from that by trade in value added; since in today's production networks in East Asia, it is possible that the same intermediate goods and services are recorded many times as they go through customs. Value added generated by both domestic and foreign final demand, on the other hand, is more closely related with wages and employment, corporate profits, tax revenues, and finally national income. Data on gross exports and imports, however, are no less useful than before because they are indispensable to understand the technological structure of the cross-border production processes.
This study exploits a four region-country input-output system consisting of major Asian economies and the US, which builds upon the Asian International Input-Output Tables (AIO) (Institute of Developing Economies [6] [7] [8] ) Section 2 describes the analytical framework of this study to compare trade in gross terms and value-added terms in the four-region system and to make inter-temporal factor decomposition of trade in value added during the 1995-2005 decade. It also contains the construction of data. Section 3 presents the main results of the analysis. Section 4 concludes.
Methods

Gross exports, value-added content of gross exports, and trade in value added
The formulation of trade in value added and other trade measures in this subsection basically follows that presented in Koopman et al. [9] .
Letting n be the number of sectors, A ij be the n × n input coefficient matrix from region i to region j, X j be the n × 1 gross output vector of region j, F ij be the n × 1 final demand vector of region j supplied by region i, and R j be the n × 1 net export vector of region j to the rest of the world, this four-region system can be expressed as the following. ð1Þ Fixing or neglecting net exports to the rest of the world,R j s, for simplicity, (1) is solved for the gross output as, 
In this four-region system, generation and absorption of value added can be described aŝ ; ð3Þ whereV j is the n × n diagonal value-added ratio matrix whose (k, k) element is
A ij l; k ð Þ, and B ij is the n × n block Leontief inverse matrix in Eq. 2.V i X B ik F kj in the last matrix of Eq. 3 represents the n × 1 vector of value added generated in region i and is absorbed by final demand in region j through direct imports from region i and indirect imports from region i via third regions within the four-region system. Thus the off-diagonal elements of the last matrix of Eq. 3 represent value-added exports and the diagonal ones represent domestically consumed value added. Meanwhile, the n × 1 gross export vector from region i to region j is expressed as
and letting
yields value-added content of gross exports. Diagonal elements of Eq. 5 give the domestic value added contained in each region's gross exports. Off-diagonal elements give the foreign value added contained in each region's exports.
Inter-temporal decomposition of changes in trade in value added
Changes in trade in value added defined in Eq. 3 can be decomposed into those due to changes in final demand F = {F ij } and changes in the structural parametersV and A = {A ij } in the following manner, which is similar to the standard growth factor decomposition proposed by Chenery and Sylquin [10] . Letting superscripts denote periods 1 and 2,
where
The first term of the rightmost hand of Eq. 6 represents changes in trade in value added due to increases in final demand (ΔF) of the endogenous regions (the final demand factor). The second term gives effects of the intensification of intermediate input relations (ΔA) between the regions (the input coefficient factor). And the third term represents changes due to variations in value-added ratios ( ΔV ) in the sectors of each region ( the value-added ratio factor). Equation 6 is the expression in terms of the structural parameters in period 2 and outputs in period 1. Decomposition can also be made in terms of the structural parameters in period 1 and outputs in period 2. A simple average of the two is taken to present the results of this decomposition in this study.
Data
The ten endogenous economies of AIO are aggregated into four regions: the NIES-ASEAN region or Asia 7 (Indonesia, Malaysia, the Philippines, Singapore, Thailand, Taiwan and Korea), China, Japan and the United States.
With respect to sectoral aggregation, 76 sectors of AIO (78 sectors of the 1995 table) are aggregated into 22 sectors which are shown in the Additional file 1. Imports of intermediate and final products from the exogenous regions are added on domestic intermediate inputs and domestic supply of final demand, and they are, at the same time, subtracted from net exports to the rest of the world. In other words, while imports from the endogenous regions are treated as non-competitive ones, imports from the exogenous regions are treated as being competitive. Table 1 shows gross exports of both intermediate and final goods and services between the four regions. It also presents bilateral trade balance in gross terms. Within Asia, Asia 7 had bilateral trade deficits with Japan. Japan had deficits with China, which in turn had deficits with Asia 7. All the three regions of Asia had surpluses with the US. During the 10-year period since 1995, China ballooned its surpluses with the US, while, at the same time, enlarging deficits with Asia 7. Table 2 decomposes gross exports of the four regions by geographical source of value added using Eq. 5. The diagonal elements of the table give domestically produced value added contained in gross exports, while the off-diagonal elements represent foreign value added embodied in gross exports. Domestic value added occupied more than 80 % of gross exports of all regions for all years. The share of domestic value added was relatively low for Asia 7 and remained stable. Japan lost its share slightly in Asia 7's value-added content, while China raised its share. Both China and Japan lost about 3 percentage points in their domestic valueadded shares during the 10-year period, with the losses being covered by the other Asian trading partners. There were no significant changes in the value-added composition of gross exports of the US. This is probably because cross-border transactions of the US in North America are not dealt with in this analysis. Table 3 shows trade in value added between the four regions, derived by zeroing the diagonal elements of Eq. 3. The signs of bilateral trade balances of value added are the same as those in Table 1 for gross exports. Surpluses and deficits in bilateral trade balance in value-added terms are generally lower than those in gross terms in absolute values, significantly so in some cases; Asia 7's surplus with China and Japan's surplus with Asia 7 were markedly lower in value-added terms than in gross terms. However, Japan's surplus with the US was larger in value-added terms in all years, and this also applies to Asia 7's surplus with the US in 2005. This implies that Japan and Asia 7, presumably NIES in particular, exported their value added in significant amount to the US through indirect trade via third parties.
Results and discussion
Gross trade and trade in value added
Johnson and Noguera [11] find, using GTAP data for 2004, the US-China deficit was approximately 30-40 % lower on a value-added basis than on gross trade basis, while the US-Japan deficit was about 33 % larger. The findings in this study are qualitatively consistent with those, but the differences between the two concepts are much smaller. Koopman et al. [9] report that China's trade balance with Japan switches from a surplus in gross terms to a deficit in value-added terms. In this study, however, the balance is found to have been in deficits in both terms.
Comparison of gross exports and value-added exports can also be made for exports of individual sectors of each region. Fig. 1 shows gross exports and value-added exports Compared with large gross exports of computers and electronic equipment (sector 14), value-added exports of the sector were rather limited. Trade and transport (21) and other services (22) accounted for the largest shares in value-added exports of Asia 7 and China, but not to the extent of exports of Japan and the US. Crude petroleum and natural gas (2) of Asia 7 and metal and metal products (12) of China had relatively large value-added exports.
In the case of Japan, the largest contributor was trade and transport (21) both in gross and value-added terms. It was followed by other services (22) in value-added terms. Its gross exports, however, were negligibly small. In contrast, the US's other services sector accounted for the largest share in both gross and value-added terms. Japan's material and machinery manufacturing sectors (chemical products (8) , metal and metal products (12) , industrial machinery (13), computers and electronic equipment (14), motor vehicles (16)) generally contributed larger shares both in gross and value-added terms than their US counterparts. It may be said that, while Japan's manufacturing sector played a central role in the production chains in the West Pacific, the US contributed to the region by providing services, in value-added terms in particular. Dean et al. [12] suggest the same role of Japan's manufacturing sector using China's customs statistics.
Japan was running larger trade surpluses with Asia 7 in gross terms than in valueadded terms, while opposite relations are observed in its trade surpluses with the US. In order to investigate into this difference, bilateral trade balance of Japan by sector in 2005 with the two regions is shown in Fig. 2 . Japan had large gross deficits and even larger value-added deficits with Asia 7 in crude petroleum and natural gas (2) . It also had significant value-added deficits with Asia 7 in agriculture, forestry and fishery (1), petroleum and petroleum products (9) , and computer and electronic equipment (14), while having surpluses in industrial machinery (13), trade and transport (21), and other services (22). Deficits in energy-related sectors contributed to lower overall valueadded surpluses of Japan with Asia 7.
With respect to trade balance between Japan and the US, Japan's surpluses in two service sectors contributed to higher value-added surpluses than gross surpluses. Value-added surpluses in trade and transport (21) were significantly larger than gross surpluses. Moreover, the balance in other services (22) was positive in value-added terms while it was negative in gross terms. This reversal was due to indirect exports of other services through exports of manufactured goods. Six Japanese manufacturing sectors had larger value-added surpluses than gross ones. They were pulp, paper and printing (7), chemical products (8) , petroleum and petroleum products (9), rubber products (10), nonmetallic mineral products (11) , and metals and metal products (12) . Their surpluses were not large but not negligible either. Value added of these sectors, together with that of the service sectors, was embodied in Japan's major export products such as industrial machinery (13), computer and electronic equipment (14), and motor vehicles (16). Table 4 presents the results of the inter-temporal decomposition of changes in trade in value added between the four regions based on Eq. 6. The decomposition was conducted for the decade of this analysis and the two 5-year sub-periods.
Changes in trade in value added during the 1995-2005 decade
As the first panel of Table 4 shows, Asia 7 and China increased their total value-added exports tremendously in the West Pacific during the 1995-2005 decade. Increases in trade between Asia 7, China, and the US are particularly notable. While increases in final demand were the driving force of the export generation (the final demand factor), intensified input-output relations between the regions also contributed to increases in trade in value added (the input coefficient factor). Increases in inter-regional input coefficients translated into lower value-added ratios, which worked negatively on value-added transaction (the value-added ratio factor). Note should be taken, however, that the sum of the input coefficient factor and the value-added ratio factor was generally positive.
Japan's value-added trade with the other regions behaved somewhat differently. Changes in Japan's final demand reduced imports from Asia 7 and the US, and, judging from the input coefficient factor, Japan's industrial linkages with Asia 7 and the US rather weakened. During the decade, intermediate inputs from Japan's computer and electronic equipment (14) and motor vehicles (16) sectors to their counterparts in Asia 7 and the US were replaced by domestic supplies, reflecting the increasing localization of production overseas by Japanese multinationals.
The second and third panels of Table 4 split the changes in the decade into those in two 5-year periods: 1995 to 2000 and 2000 to 2005. Excepting for the value-added ratio factor subpanels, all entries in the second period are positive with one exception, while about one third of entries in the first period are negative. During the first period, many of the Asia 7 economies were undergoing financial and currency crises. Their currencies depreciated drastically, which promoted exports to the US through the final demand factor and to China, Japan, and the US through the input coefficient factor. China, which had devalued its currency beforehand, increased its value-added exports steadily during the first period. Exports of Japan and the US to Asia 7 were reduced significantly through both the final demand and input coefficient factors.
During the second period, trade in value added was enhanced steadily between the four regions. China's value-added exports to the US increased more than 109 billion dollars during the period. Exchanges of value added between Asia 7 and China and between China and Japan increased considerably. After experiencing the economic turmoil and recovery during the first period, the second period saw a comeback to the process of deepening economic and industrial linkages in the West Pacific.
Conclusions
In this study, the evolution of trade between the four regions in both gross and valueadded terms is analyzed. Among the major findings are that value-added exports of computers and electronic equipment of Asia 7 and China were very limited in comparison with their gross exports and that the largest shares of value-added exports were accounted for by the services sectors in every region, particularly so in Japan and the US.
Surpluses and deficits in bilateral trade balance in value-added terms were generally lower than those in gross terms in absolute values. However, Japan's surpluses with the US were larger in value-added terms than in gross terms, reflecting the fact that value added of the material-related manufacturing sectors, together with that of the service sectors, was embodied in Japan's major export products (e.g., steel in motor vehicles) to the US. Overall, it can be said that Japan's manufacturing sector played a central role in the production chains in the West Pacific, and the US contributed to the region by providing services, particularly in value-added terms.
The inter-temporal factor decomposition of trade in value added reveals that increases in final demand in the regions and deepening input-output linkages between the regions played an important role in promoting trade in value added in the West Pacific. But the process was by no means smooth and stable. After experiencing partial but substantial retreats towards the end of the twentieth century, the process of deepening economic and industrial linkages in the West Pacific resumed in the twenty-first century.
Major findings of this study seem to suggest an increasingly important role played by the service sectors in enhancing trade in value added. Our future agenda should include the analysis of the contribution of the service sectors, in more detail, to the development of cross-border industrial linkages in the West Pacific.
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